VOLUME SEPARATE No. 355 


SOCIETY 


CIVIL ENGINEERS 
NOVEMBER, 1953 


AMERICAN 


SOCIETY OF 


ENGINEERS 
FOUNDED 


STATISTICAL REVIEW 
DAM CONSTRUCTION 


Robert Sutherland, ASCE 


POWER DIVISION 
{Discussion open until March 1954} 


Printed the United States America 


Headquarters the Society 
39th 
New York 18, 


PRICE $0.50 PER COPY 


THIS PAPER 


--represents effort the Society deliver 
technical data direct from the author the 
reader with the greatest possible speed. this 
end, has had none the usual editing required 
more formal publication procedures. 


Readers are invited submit discussion apply- 
ing current papers. For this paper the final 
date which discussion should reach the 
Manager Technical Publications appears 
the front cover. 


Those who are planning papers discussions 
for “Proceedings” will expedite Division and 
Committee action measurably first studying 


“Publication Procedure for Technical Papers” 
(Proceedings Separate No. 290). For free 
copies this Separate—describing style, con- 
tent, and format—address the Manager, Techni- 
cal Publications, 


Reprints from this publication may made 
condition that the full title paper, name 
author, page reference, and date publication 
the Society are given. 


The Society responsible for any statement 
made opinion expressed its publications. 


This paper was published 1745 State Street, 
Ann Arbor, Mich., the American Society 
Civil Engineers. Editorial and General Offices 
are West Thirty-ninthStreet, New York 18, 


3 
q 
ie. 
q 
+ 
- 
ag 
pow xy 
; 
ib 


STATISTICAL REVIEW DAM CONSTRUCTION 


Robert Sutherland 


Summary 


brief historical note followed review dam construction methods 
and their influence the size and number dams being undertaken. tabu- 
lation dams 100 ft. more height given and forms the basis 
other tables which summarize the heights, types and chronological progress 
dam building. 


Historical 


Historical records and remains structures tell that the ancient 
Assyrians and Egyptians constructed works great magnitude for conserving 
and diverting water. King Amenemhat Egypt created storage reservoir 
the Nile which could store many million acre and ruins still exist 


masonry dam built Menes about 4000 twelve miles south Memphis. 


This dam recorded Herodotus and was probably about feet high and 
1500 feet long. One the largest dams ever built was constructed Arabia 
King Lokman about 1700 This dam was about miles long and con- 
tained about million cubic yards masonry. The flood caused its collapse 

The Romans were course well versed the hydraulic arts and their 
aqueducts are well known; many fact are still standing and some still use. 
far known however the Roman dams were great height, being 
intended for diversion rather than storage. 

the middle ages there little record any progress Europe but 
known that dams were being built India, where remains many struc- 
tures exist, and that water diversion and probably storage was undertaken 
the Aztecs Mexico and some the Indian Tribes the southwestern part 
the North American Continent. interesting note that the time 
the Renaissance Europe, the initiative dam building came Spain from 
the Moors, who had also preserved during the dark ages much the learning 
accumulated the Greeks, Egyptians and Arabs. 

Turning the modern period, appears that the oldest existing masonry 
dams Europe were the Almanza and Alicante dams Spain, built some time 
prior also have fairly complete record the Ponte Alto arch 
dam Italy* shown Figure This dam was first built 1611 and has 
been raised several times since. Mr. Julian Hinds has described several 
buttress dams built Mexico over 200 years 


Civil Engineering April 1931 
Charles Prelini, ‘‘Engineering News Record’’, October 1921 
Wegmann Design and Construction Dams.’’ 

Information supplied the late Fred Noetzli. 

News Record’’ September 1932. 
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Modern dam building may assumed start about one hundred years ago 
with the construction the Zola arch dam France about 1843. This dam 
123 feet high. 

Undoubtediy one the factors which led the use higher dams was the 
use cast iron, and later date, steel, for the construction pressure 
conduits and control gates. The Romans carried water long distances but 
almost always open canal aqueduct, since the only closed conduits 
their disposal were brick, earthenware lead. The water from the old 
Spanish dams was released means crude wooden gates set tunnels. 
The failure the ancient dams previously mentioned was doubt due the 
inability control the water once was impounded. 

general, the industrial revolution led increasing density population 
the manufacturing areas, with increased need water for manufacture, 
health and sanitation and also for irrigation the overseas areas which sup- 
plied much the food and other products demanded the industrial areas, 
and therefore marks the practical beginning the construction dams 
heights over 100 feet. 


Effect Construction Methods Size Dams 


The principal construction factors opening the way for larger dams 
were: the development Portland cement, the increased use mechanical 
power and improvements the quality and reliability explosives. 
about the end the last century masonry dam was built about the same 
manner retaining wall, with the stones being handled derricks 
maximum rate about cubic yards per derrick hour. Soon thereafter the 
use cyclopean concrete enabled the output doubled tripled. After 
about 1910 improved concrete mixers and improved aggregate handling en- 
abled concrete supplied abundance and led attempts more rapid 
placing. The chuting method, much used during the twenties, appeared for 
time the answer the problem placing the concrete, but the defects 
the wet concrete used soon became apparent and the chuting method was 
its way out. Drier concrete then came into use about the end the twenties, 
and other methods were developed for placing, including belt conveyors, 
whirleys, cableways and gantry cranes. Vibrators were developed about this 
time speed and improve the final disposition. 

the construction earthfill dams, similar parallel race can seen 
between the means procuring the materials construction and placing 
them position. The early horse-drawn scrapers had obvious limitations, 
and were followed steam shovel excavation and placing means horse 
drawn wagons. view the experience which had been obtained California 
the latter part the last century hydraulic mining, not surprising 
that the sluicing material into the dam was tried the San Leandro dam. 
Many the largest earthfill dams were subsequently built hydraulic means, 
either the so-called semi-hydraulic method which the material excavated 
mechanically and placed and classified water che full hydraulic method 
which both excavation and placing are hydraulic. about the last fifteen 
years the prodigious development various types and sizes mechanical 
earth handling equipment has led the placing enormous volumes 
material earth dams purely mechanical means. 

The possible size arch, multiple arch and other buttress dams has been 
influenced some extent the available means construction, but has de- 
pended notable extent progress design. this connection, may 
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appropriate record the names few the many pioneers whose 
vision and boldness paved the way substantial progress. 

the field arch dams, the names Wade Australia and Jorgensen 
the USA come mind, whose practical efforts were supported theoreti- 
cal developrnents numerous eminent engineers whose way was blazed 
William Cain. The trial load method design developed engineers the 
Reclamation Bureau marked large forward step determining what 
actually happens arch dam. more recent times, increasing boldness 
has been displayed European engineers the design and construction 
arch dams, and the names Coyne, Marcello and Carlo Semenza may 
mentioned this connection, and that Guido Oberti model testing and 
design. Tolke has made contributions the calculation curved dams 
less than gravity section. 

the field multiple arch dams, John Eastwood was undoubted 
pioneer, and was followed Kambo Italy and Noetzli the USA. 
The slab and buttress dam owes its development almost entirely Nils 
Ambursen and his associates, and important contributions were made 
developing the buttress dam Noetzli and Marcello. 

The design feature earth dams owes great debt Joel Justin and 
Terzaghi and numerous soil mechanics scientists, and that the rock fill 
dams Galloway and Steele. recent years composite types rock and 
earth dam have come increasingly the fore, pioneered James Growdon. 
The mention these few names way detracts from the notable contri- 
bution made host eminent consulting engineers and those engaged 
the governmental agencies the USA and other countries. 


Statistical Review Dams 


tabulation dams 100 feet high and higher appended Table and 
forms the basis the following analyses. This list had its origin about thirty 
years ago the form indexed note book, but later developed into card 
index, and hoped may eventually developed some international body 
into ‘‘Who’s Who Dams’’. The present list offered the Author only 
skeleton, whose flesh may filled the co-operation engineers 

various countries, 

may interest the profession point out that the height dam 
has never been authoritatively defined and fact variously interpreted. 

the few cases Table where the author has measured estimated the 
height from drawings, has taken the distance between the lowest point 
the base the main channel, disregarding appendages such cut-off wall 
trench, the crest the dam. other cases, one the published figures 
for height has been used (for the height often variously reported.) 

There also clear-cut distinction between types dam. gravity 
dam should have base width least equal two thirds the height, but when 
curved and with grouted joints will develop some arch action even the 
base width greater than that figure, and the case the Sautet dam 
France, considerable part what might appear gravity section was 
intended only support the canyon side walls, with the water load being 
carried arch action the relatively thin up-stream portion the dam. 
Where base width approximately two thirds more the height exists, 
the Author has used the rule thumb classifying the dam gravity dam, 
unless otherwise stated the designers. The buttress dam which started 
series buttresses, with intervening reinforced concrete slabs, has now 
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developed various modifications, but all these have been classified simply 
buttress dams. 

the last ten twenty years there has been increased overlapping 
between the earth fill and rock fill types dam, and sometimes difficult 
make clear distinction. Also many dams are composed two more 
portions, each different type. few cases, data are given Table 
for each the component parts, but most cases such dam classified 
what appears its predominant type the first designation, with other 
type designations appended. few cases, dam which started life one 
type has been altered different type. For example the 
Spaulding dam was started gravity dam and changed during construction 
arch dam, while the Lages dam Brazil was built gravity dam and 
recently raised buttress dam. all cases the first type designated 
Table has been used classifying the dams Tables There are 
also listed many dams whose type not known the Author, and such cases 
the entry has been recorded basis for later emendation. 

Very high dams are subject great popular interest and Tables 
and outstanding dams the various types are listed name for convenience. 

The dams listed Table have been classified, types, height and 
year construction Tables all the dams listed, totalling 
roughly 1300 dams constructed being constructed, and about 160 proposed, 
approximately one half are gravity dams and approximately one quarter are 
earth dams, while the remaining quarter the number divided between 
arch, rock fill, multiple arch and buttress dams, that order. 

Chronologically, interesting note that the turn the century, 
about dams over 100 ft. high are recorded, and that this number doubled 
more than doubled each succeeding years for the next three decades. 
While this geometrical rate progression has not been maintained, must 
remembered that the average size has been increasing all the time. For 
example, the average cubic content estimated from the gravity dams 
the decade 1920-29 about 240,000 cubic yards, while that estimated from 
gravity dams the decade 1930-39 almost double that figure. Tables 
and illustrate the rapid rate development the arch and multiple 
arch dams till 1930. Thereafter, good arch dam sites have been harder 
find. The high cost labor and forms the principal dam building countries 
has doubt had discouraging effect the development the multiple arch 
dam, addition certain technical difficulties which are well known those 
familiar with the subject. 

Table shows chronologically the number dams all types different 
heights. 

Figure shows the chronological steps height the main types dams, 
while Figures and show the chronological steps volume. 

regards geographical distribution, glance through Table indicates 
that certain countries have predominated darn construction, and attempt 
has been made Table present rough yardstick various countries, 
listing the area the country, group countries, and the number 
entries Table Then the smaller the average land area per dam, the more 
intensive the development may assumed be. This admittedly very 
rough gage, since host other factors are involved. 

broad summary, appears that the gravity and earthfill types dam 
will continue the work horses water conservation, with other types 
playing smaller part site and economic conditions warrant. The need for 
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dams ever increasing size will continue, and economic considerations will 
provide strong incentive the use modifications which tend economy 
labor and construction materials. 

The Author will welcome comments and corrections from any engineer 
into whose hands this compilation may fall. With regard the naming 
jected dams, would suggest those responsible that permanent name 
selected early possible the planning project. The literature 
replete with confusing changes name. Table may some benefit 
guiding the selection names for future dams. 

The Author wishes record his grateful thanks for help received from 
many engineers different countries, list whose names would too 
lengthy reproduce here. 
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Fig. Ponte Alto Arch Dam 
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NOTES FOR TABLE 


The column headed "State" includes other appropriate political 
visions. 


Dominant type dam denoted 


arch 

buttress 
earthfill 
gravity 
multiple arch 
multiple dome 


The reference numbers the first column are for convenience only 
and not represent the number dams there are numerous 
duplications due alternate names. 


the column headed "River" contractions have been used indicate 
the fork river e.g. M.F. for "middle 


asterisk after the date completion indicates subsequent failure. 


second parentheses the last column indicates subsequent 
raising height, which case height, length etc are given for the 
final construction. few cases data are given for each height. 
Future dates completion are estimated. 


The designation "Proposed" the last column indicates that information 
not available that the dam has been authorized started. 


Footnotes: 


Bowman Lake dam was dismantled 1927 

Goose Neck dam failed during construction when fill was high. 
subsidiary earth dam Hemet failed 1927 

Marshall Creek dam failed during construction, rebuilt 1939 

dam has never held water 

Sweetwater dam was originally arch, now gravity 

Table Rock Cove was built the site Greenville dam 
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TABLE 
SUMMARY GRAVITY DAM BUILT PER DECADE 


Height Feet Totals 


463 135 
355-53 


Height Feet Totals 
Period Over Per Decade Cumulati 


1690-1699 
1900-1909 


Totals 


Proposed 


TABLE 


MULTIPLE DAMS BULLT PER DECADE 

Period 100-199 Per Decade 
1910-1919 
1920-1929 

1930-19 


Totals 


: 
| 
= 
q 
aay 
| 
| 
355-54 


roposed 


Period 

60-1669 
20-1929 
30-1939 


Feet 
100-199 300-399 


Height Feet 


355-55 


Totals 

Totals 
Per Decade 
“a 
= 
10 


tals 


TABLE Vill 
SUMMARY DAMS BUILT PER DECADE 
Height Feet Totals 
1910-1919 
TABLE 
Height Feet Totals 
1860-69 
1870-79 
187 260 735 
Totals 
355-56 
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COUNTRIES REGIONS HAVING MORE THAN TEN ENTRIES TABLE 


Country Region 


Tasmania 


itish Isles 
ada 
ile 
ance 
dia, Pakistan, 
Ceylon, Burma, 
aly 
xico 
Zealand 
erto Rico 


Africa, Rhodesia 


pain Portugal 
witzerland 


ontinental U.S.A. 
including Alaska 


Approx. Area 
Sq. Miles 


847 000 
121,000 
3,690,000 
286 000 
213,000 


2,117,000 


120,000 
000 

3,400 
230,000 


3,022,000 


Entries (including 


proposed dams 


566 


Square Miles per 
—Dam, Average 
59,000 

000 
13,000 
3,900 
3,800 


990 
670 
6,500 
260 
30,000 


640 


TABLE 
| 38 
121 
220 
355-57 


